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1 . INTRODUCTION
A1GaInP visible laser diode is one of the most attractive light sources because it is of great
importance in many applications such as optical information storage systems, laser printers, bar code
readers and laser pointers. A1GaInP laser diode has a broad emission spectrum of 610 to 690 nm that
makes it a versatile and outstanding light source. In addition, AlGaInP laser diodes with low threshold
currents have also been realized.
The laser diode used for our study is a 660-nm compressively strained A1GaInP with a structure of
double-channel ridge waveguide (DCRW). Laser diodes with DCRW structure are widely used for
commercialized low-cost and low-power laser diode applications owing to their relatively low threshold
currents, easy fabrication and high yield as compared to laser diodes with selectively buried ridge
waveguide structure. However, the top surfaces of DCRW laser diodes are non-flat and heat dissipation
becomes a main problem for DCRW A1GaInP laser diodes. Especially, if comparing A1GaInP laser
diodes with A1GaAs laser diodes, A1GaInP laser diodes have lower thermal conductivity and higher
thermal resistance. Therefore, a good die bonding becomes important for improving the heat dissipation
of DCRW AlGaInP laser diode chips.
Most studies for die bonding have been focused on the choice of submounts or heat sinks with large
heat conductivity. Few investigators study how to improve the quality of die bonding and avoid leading
voids inside bonded interface. In this study, different p-metal materials, p-metal annealing
environments, die-bonding steps and die-bonding equipment were adopted to change die-bonding
conditions. Their influences on thermal dissipation capability were also investigated.
2. LASER STRUCTURE AND CHARACTERISTIC TEMPERATURE
Figure 1 shows a cross-sectional schematic structure of the A1GaInP DCRW laser diode under study. Epitaxial
layers were grown on GaAs substrate by low-pressure metal-organic vapor phase epitaxy (LPMOVPE). The
epitaxial layer consists of a 0.75-gm Si-doped n-A1JnP cladding layer, a three-quantum-well separate-
confinement-heterojunction (SCH) active region and a 0.75-tm Zn-doped p-A1InP cladding layer. The active
region consists of three 4-nm compressively strained GaInP wells separated by two 10-nm A1GaInP barrier layers
and then sandwiched between two lightly doped, A1GaInP spacing layers. A 0.1-jtm Zn-doped InGaP barrier
reduced layer and a 0.2-pm Zn-doped p-GaAs (p iO'9 cm3) layer were grown on the top of the p-cladding
layer.
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DCRW structure was then fabricated by using wet etching process. After depositing p- and n-metals, laser
diodes were then cleaved. The cavity lengths of the laser diode varied from 3OOim to 8OO.im. The light-current
characteristics was measured by using a pulse current with a pulse width of 1 is and a repetition rate of 1KHz at a
temperature range of 25 °C to 65 °C. Based on L-I measurements, we can estimate the characteristic temperatures
T0 for different cavity lengths. Figure 2 shows the dependence of the cavity length L on the characteristic
temperature T0 at a temperature range of 25 °C to 65 °C. The values of T0 are between 146 °K to 162 °K for the
cavity lengths from 3OOim to 800jim. These high To values indicate that the leakage current ofthe laser diodes is
small and thus the quality of the laser diode is great.
3. DIE-BONDING CONDITIONS
In this die-bonding study, indium was used as solder and Kovar (eutectic Fe-Co-Ni) was used as heat sink.
Indium thin film of about 2.im thick was first evaporated on the top of the heat sink and then a laser diode chip
was mounted p-side down on the top of In thin film. The die bonding was carried out with different conditions as
shown in Table I. Two different bonding facilities, oven (with vacuum pump) and furnace (without vacuum
pump), were employed when doing die-bonding to verify if pre-vacuumed environment was helpful for good die-
bonding. Moreover, p-metal Cr/Pt/Au was used as p-metal materials to compare with the commonly used
Ti/Pt/Au. It was reported that Cr was more difficult to permeate through Pt/Au and then go to the top surface of
the device to react with 02 or H20 to form an oxide layer on the top surface of the device during heat treatment [2]
This oxide layer formed on the top surface of the device prevented the device from forming good die-bonding.
Another condition was to anneal p-metal Ti/Pt/Au with either N2 gas or forming gas, which was mixed with 95%
of N2 and 5% of H2. H2 could be helpful for heat to transport and react with 02 or H20 in the annealing
environment to avoid an oxide layer formed on the top surface ofthe device. After die-bonding, scanning electron
microscope (SEM) was used to examine the bonded interfaces between the laser diodes and the heat sinks as well
as the p-metal surfaces oflaser diodes that were torn from heatsinks.
4. SEM ANALYSIS
Figure 3 shows the SEM picture for the laser diode chip with poor bonded interface between laser diode and
heatsink. This picture was taken by tilting a certain angle. The upper part is Kovar heat sink and the lower part is
the cross-section of DCRW laser diode. The bright layer on the top of the laser diode is p-metal. An empty space
layer between the heat sinks and laser diode can be seen clearly. Figure 4 is the top view of the laser diode chip
torn from the heat sink as shown in Fig. 3. It consists of two plane regions, two grooves and one ridge. As
indicated clearly in Fig. 4, the grooves were lack of solder for bonding. The reason was that the solder could not
flow into grooves and then form good wetting surface during bonding. The cause for solder being extruded into
the grooves could be due to the unclean surface of grooves. No matter what p-metal was used, die bonding using
oven that was not pre-vacuumed showed this result. Figure 5 shows the good bonded interface between laser
diode and heat sink. In this specific situation no void was found. Figure 6 is the top surface of laser chip torn
from the heat sink as shown in Fig 5. The DCRW laser diode chip was covered uniformly with wetted solder.
The laser diodes with Ti/Pt/Au as p-metal, which were annealed in the forming gas or annealed in the N2 gas but
bonded in the furnace that was vacuumed beforehand, resulted in this appearance. This indicated that filling with
forming gas during annealing could prevent oxide layer from forming on the p-metal surface of the laser diode.
Similarly, vacuuming the oven before die-bonding could prevent dust or H20 vapor from positing inside the
bonded interface and thus leading to the formation of voids. Therefore, both die-bonding conditions under study
could obtain good die-bonding results.
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5. MEASUREMENTS OF THERMAL RESISTANCE
Thermal resistance is an important parameter because it indicates the thermal dissipation capability of laser
diodes. This parameter can be obtained indirectly by measuring the change of electro-optical characteristics of the
laser diode before and after raising temperature. For this study, the change of the laser diode junction voltage
before and after raising temperature [3]was used to calculate the thermal resistance. Based on the results discussed
in the last section, the laser diodes with Ti/Pt/Au as p-metal, bonded to heatsink inside either oven or furnace,
were chosen to compare their group behavior of thermal resistance. Figures 7 and 8 show the group behavior of
thermal resistance for laser diodes that were bonded inside oven and furnace, respectively. The pulse width of the
driving current was changed from 1 ps to is. As shown in Fig. 7, the thermal resistance for laser diodes that were
bonded inside furnace raised gradually when the pulse width of the driving current increased. When the pulse
width of the driving current was larger than lOOiis, heat generated from the laser diode started to transport to the
heat sinks. Thermal resistance was calculated to be about 70 °CIW to 120 °C/W. This value was relatively high [4]
because we mounted laser diode directly on Kovar heat sink without using any submount. It was contrary to the
general case which submounts with high thermal conductivity were used for heat sinks. Note that Kovar is a kind
of material that has a low thermal conductivity and a high thermal resistance. Note also that, as shown in Figs. 7
and 8, the thermal resistance gradually decreased when the pulse width of the driving current exceeded 10 ms.
This might be due to the non-constant environmental temperature. When the pulse width of the driving current
was wider, heat must be transported to the outside environment and thus the performance of the laser diode could
be easily influenced by environmental temperature. As shown in Fig. 8, the thermal resistance of some laser
diodes, which were bonded using oven, increased rapidly when the pulse width of the driving current exceeded
lOOis. This indicated that voids at interface between the laser diode and the heat sink led to ineffective thermal
dissipation for laser diodes.
6. CONCLUSIONS
Due to the non-flat top surface, good die bonding for DCRW AlGaInP laser diodes is required in order to help
dissipate the heat efficiently. Among the four conditions we had studied, laser diode chips with Ti/PtJAu as p-
metal, which were annealed in the forming gas or bonded inside furnace that was vacuumed before filling with N2
gas, could be bonded to heat sink with high quality. This result was mainly due to the prevention of forming
oxide layer on the p-metal top surface of the laser diode. Moreover, p-metal materials seem to be independent for
obtaining good die bonding. From the measured group behavior of thermal resistance we conclude that poor die-
bonding may lead to a rapid increase in thermal resistance and ineffective heat dissipation may occur when heat is
transported to heat sinks.
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Table 1 . Different die bonding conditions
Die-bonding
.
equipment
Gas flowing
. . .
dunng die bonding
P-metal P-metal annealing
environment
Die-bonding
time
Die-bonding
temperature
Oven Fill with N2 directly Ti/Pt/Au N2
N2
N2
Forming gas
NS()5%)+H2(5%)
20 mins 220°C
Oven Fill with N2 directly Cr/Pt/Au " "
Furnace Vacuumed before
filling with N2
Ti/Pt/Au " "
Oven Fill with N2 directly Ti/Pt/Au " "
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p-metal p-GaAs(Zn) p-GaInP(Zn)
_ __
SiNx
p-AIInP(Zn)
active region
n-AIInP(Si)
n-GaAs(Si)substrate
A (confinement)
AIGaInP(Al=O.6)
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Fig.!. Schematic cross-sectional view and bandgap diagram of A1GaJnP
double-channel ridge waveguide laser diode.
Fig. 2. Characteristic temperature To as a function of cavity length L between 25to 65 °C.
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Fig. 3. Cross sectional view of bad die-bonding structure.
Fig 4 P-metal surface of laser diode that as toni from the heatsink in Fig I
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Fig. 6. P-metal surface of laser diode that was torn from the heatsink in Fig. 5
Fig. 5. Cross sectional view of good die-bonding structure.
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Fig. 7. Group behaviors of thermal resistance as a function of pulse width
for laser diodes bonded using furnace.
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Fig. 8. Group behaviors of thermal resistance as a function of pulse width
for laser diodes bonded using oven.
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